The Use of the Percentage Change in Oswestry Disability Index Score As an Outcome Measure in Lumbar Spinal Surgery David G. Little, MBBS, and Donald MacDonald, MB, ChB, FRCS, FRACS Study Design. A r&trttspeetlvS analysis of Irie change in the Oswestry Low Back Pain Disability Questionnaire in a heterogeneous group of 144 uperarively managed patients was undertaken to examine the change in disability index as an outcome measure.
Objectives. To establish the percent change in disability index as art outcome measure able to Identify risk factors for poor results in lumbar spinal surgery.
Mulhbd<i> Epid&niioloylt, diagnostic, arid sur^d variables were examined as risk factors using siep-wise multiple linear regression analysis at both follow-up times (6 months and 2 years), with percent Ehmnge in disability index used as the outcome measure.
fedults. At 6-months foNow-Up, previous sirrgery, female gender workers' compensation, a lower Initial disability indeK score, increasing ag-a, and spinel fuaion alone as an operative procedure were independently ar.ct significantly negatively correlated with outcome. Further analysis revealed that. For patients with spinal canal stenosis, the magnitude OF the initial disability index did not correlate with outcome, whereas patients with low bgck pain or a prolapsed intervertebrgl dhu fared better If they had high initial disability scores. Pats al 2-years follow-up were less arteguate. However, previous surgery on the spine and law initial disability score were significant negative predictors of outcome at 6-month and Z-year follow-up* CufldUaiOns. The h'lidiiiy:-: intliwte that thd absolute value and change in these scores after surgery vary from palicnt to patient, but that their percentage change is lii-ely to be Ihe best marker of outcome when such subjective scoring systems arc used. The Oswestry Low Back Pain Questionnaire has been proposed as a reliable means of scoring the disability of patients with low back pain. 2 It concentrates on scoring (0 to 5) 10 aspects of the patient's home and work life and analgesic requirements. The disability index (DI) score then is calculated as a percentage, with a high score indicating a high level of disability. The questionnaire has been shown to have an excellent re-test reliability on consecutive days, and has been shown to improve as a group of patients improves.
This study sought to assess whether absolute change in the DI (\DI) or the percentage change (ADI) can be linked with the level of patients' subjective improvement (SI). The change in index then is examined as an outcome measure in short-term follow-up to identify possible predictors of poor outcomes.
• Methods
The Oswestry Low Back Pain Questionnaire was introduced by the senior author (DMcD) in 1984 as an adjunct to decision making in surgical treatment of the degenerate lumbar spine. By 1987, it had become generally adopted as a potential monitor of success (or failure) after such surgery. All patients were asked to complete it in the waiting room on initial assessment, at 6-months postoperatively, and at all subsequent assessments until discharge. Patients were excluded from this retrospective investigation if a preoperative or postoperative DI was not recorded. Patients with more than one operation were included again. Outcomes were assessed at two mean follow-up times: 6 months (range, 5 to 10 months) and 2 years (range, 18 to 36 months). Patients were not aware of the scoring of the questionnaire, nor did they see their previous questionnaires on subsequent visits. All operations were performed by the senior author (DMcD). Of 222 surgically managed patients over 4 years, all but one was seen at minimum 6-month follow-up. Preoperative and postoperative DI scores were available for 144. At a mean 2-year follow-up, preoperative and postoperative DI scores were available for 74 operations. Fifty-six operations had data at both 6-month and 2-year mean follow-up.
Patients' SI was obtained by asking them to rank their improvement from their preoperative state on a scale of 0 to 100. Patients who indicated no improvement were entered as 0. In this series, no patient stated they were worse.
The group examined was heterogeneous, consisting of patients who had undergone combined decompressive laminectomy and fusions for spinal canal stenosis, laminectomy and discectomy for prolapsed intervertebral discs, spinal fusions for low back pain, and revisions of pseudarthroses. Indication for surgery was grouped as low back pain, prolapsed intervertebral disc, lateral canal stenosis, or central canal stenosis.
Operations were classified as laminectomy/discectomy, spinal fusion alone, or decompressive laminectomy and fusion. The absolute change in the DI, or \DI, was obtained by subtracting the postoperative from the preoperative score. The percentage improvement in DI (ADI) was calculated simply as:
Thus, deterioration would be shown as a negative \DI or ADI. These indices then were subject to linear regression analysis and their correlation with SI was assessed.
Various patient factors then were analyzed for the group using ADI as an outcome measure.
All data were recorded on SPSS for Windows 5.0 computer program (SPSS Inc., Chicago, IL) and statistical analyses were performed with that software. Differences between mean scores were analyzed with an unpaired two-tailed test, and step-wise linear multiple regression analysis was used to analyze the relationship of certain variables with outcome, as measured by ADI.
• Results
Epidemiologic data on the patient groups at 6 months and 2 years are given in Table 1 . The group of 144 patients in follow-up for 6 months had improvement of their DI scores from a mean of 45.5 to 27.0 (P < 0.001). For the 56 patients who had been in follow-up a mean of both 6 months and 2 years, the raw DI scores improved significantly from a mean of 42.4 to 27.3 (P < 0.001) at 6-month follow-up, and were stable at a mean of 26.3 at the later follow-up (P = 0.58).
The correlation of the absolute (\DI) and percentage (ADI) changes in indices with SI at a mean of 6 months and 2 years are shown in Table 2 . Figures 1 and 2 compare these relationships in graphic form at 6-month follow-up. Having established that the percentage change in DI score was correlated best with the patients' subjective improvement, we used this as an outcome measure to identify whether any preoperative factors were associated v/ith poor outcomes. Table 3 gives the mean and standard deviation of ADI, allowing for the presence or absence of workers' compensation or previous surgery to the spine, and for each diagnostic and surgical category. Note in Table 1 that at 2 years there are a limited number of patients in each subgroup, warranting caution in interpretation.
Step-wise linear multiple regression analysis revealed significant negative correlation with outcome for certain factors at mean 6-month follow-up. Table 4 lists the factors included in the analysis-those above the line are significantly negatively correlated with ADI. The most significant factor was previous surgery on the spine, followed by female gender, workers' compensation, low initial DI score, increasing age, and spinal fusion alone as an operative procedure. Although the magnitude of the initial DI was correlated with a good outcome for the whole group, patients with spinal canal stenosis did not exhibit this relationship using simple linear regression. This does not reflect a failure to improve, because their mean ADI approached that of the whole group. However, a high initial disability score did correlate with a good outcome for patients with low back pain or prolapsed intervertebral disc (Table 5) . Likewise, patients with spinal fusion operations were more likely to have a good outcome with high initial DI scores, whereas this was not so for other surgical categories. At mean 2-year follow-up, previous surgery and the magnitude of the initial DI score still significantly correlated with outcome by ADI (Table 6 ).
D Discussion
It is useful to be able to show with a score such as the DI that patients have improved with surgery, because these scores are almost totally independent of the surgeon. Series often are reported with gradings rated by the surgeon or his or her assistant, which are subject to marked observer bias and which make meaningful interpretation difficult. Radiologic criteria for success in areas such as spinal fusion also are open to large observer error, and radiologic success may not correlate with clinical success. 8 Physical findings may not change despite patients reporting improvement or deterioration.
We found that the ADI (percentage change) scores we examined correlated more closely with the patients' own ratings of their improvement (SI) than did \DI (absolute change) scores (Table 1) . We believe that the absolute values of these scores are not necessarily comparable between patients, because different people interpret their conditions differently. However, we assume they will do so to a similar degree on each occasion they complete the questionnaires, and thus the percentage change may be a more comparable guide between patients. This is borne out by the higher correlations found when the percentage change is examined. The patients' ratings of their improvement (SI) has been used as a reference point in this article, but this measure has its own intrinsic problems. Although the patients completed this as part of their questionnaires, we assume that those who were worse were not comfortable saying so, creating a floor effect (Figures 1 and  2) .
The patient population in this investigation was not specifically enrolled for the study. They represent the experience of one surgeon in private practice. Patients often were discharged once they had improved and thus were not included in follow-up for more than 18 months. Likewise, some patients were lost to follow-up, which always creates the possibility of bias. This study cannot be taken as an outcome study for the results of spinal fusion or any other procedure, because the follow-up, even at 2 years, is inadequate to make such conclusions. However, we were able to identify some factors relating to short-term (6-month) outcome as measured by ADI.
One interesting finding was that although the initial magnitude of the DI score correlated with its percentage improvement overall, this was not so for all diagnostic categories. Patients with low back pain or prolapsed intervertebral disc who reported higher initial disability did better than those who did not, whereas there was no such relationship for spinal canal stenosis. Patients undergoing fusion operations who did well reported higher initial disability scores. Because outcome was measured by a percentage change in index, ADI, a high initial DI in itself cannot explain the tendency toward improvement. The data are not sufficient to shed further light on these findings, but the differences in age, diagnosis, and possible comorbidities each may play a role.
Female patients also fared worse, as did those involved in workers' compensation, older patients, and those with previous spinal surgery. Participation in heavy labor did not correlate with short-term outcome.
Many methods have been put forward to assess the improvement in pain, 3 disability, 1 ' 2 ' 4 and personality. 5>6>7 These methods have not been assessed, to our knowledge, with respect to validity as measured by the patient's rating of SI at the end of treatment. When applied to a group of 25 patients with their first episode of back pain (a group assumed to have a "strong likelihood of recovery"), the Oswestry group had a statistically significant improvement in DI over 3 weeks. 2 They also showed a correlation of r = 0.99 when scores were assessed on two consecutive days. More recently, in an article on the Minnesota Multiphasic Personality Index (MMPI), 7 the DI was shown to have improved significantly in a group of anterior lumbar fusion patients. This parallelled an improvement in physical examination. The MMPI was not predictive of outcome in that study, nor did it change appreciably with surgery. This had been shown previously. 5 The Minnesota Multiphasic Personality Index had been shown by Turner to have some slight predictive power in outcome, 7 but this was not as strong a factor as compensation or litigation, and no statistical analysis was provided.
• In an investigation of patients in lumbar supports, Million 4 used slightly different subjective indices and compared these with objective indices. Subjective indices were shown to improve with the support, but objective indices did not, and it was concluded that subjective indices were more valuable. In an article promoting a functional rating scale very similar to the DI but published later, Evans 1 showed in a group of patients in a pain clinic that this index improved significantly over 7 months. Again, it was an entirely subjective assessment by the same questionnaire given over time. In none of these investigations were the patients asked at final follow-up to rate their improvement after treatment. Thus, correlation between these statistically improved scores and patient satisfaction was not obtained.
Initial trials by the senior author (DMcD) were predicated on DI scores acting prospectively in a predictive way (for instance, that a high initial score would constitute a valid indication for surgery, and by implication predict those cases where surgery would result in improvement). This study has modified these assumptions. They may be valid for patients with low back pain and prolapsed intervertebral discs, but not for those with spinal canal stenosis. The absolute change in score (\DI) did not correlate as well with the patients' ratings of SI as did the percentage change in the scores (ADI).
It was not the primary purpose of this study to analyze the results of a particular procedure, and the surgical groupings in this investigation are somewhat heterogeneous in themselves. The study population was not large enough to examine the many surgical subgroups and indications for surgery at long-term follow-up. However, we have established that ADI can be used as an outcome measure across diagnostic and surgical boundaries in patients undergoing lumbar spinal surgery.
In conclusion, in assessing the outcome of surgery in the lumbar spine, the percentage change in Oswestry DI (ADI) is reliable, independent of surgeon bias, and correlates well with the patients' subjective assessments of improvement. The questionnaire also appears to be sufficiently simple to allow accurate self-administration in most patients. We caution against using the initial value of a DI score as an indication for surgery, although it appears to be predictive of improvement in some patients. A prospective investigation with long-term follow-up using ADI as an outcome measure may shed more light on the possible negative associations with outcome identified in the present study.
